We present moderate (R ≈ 2,700) and high resolution (R ≈ 22,000) 2.0−2.4 µm spectroscopy of the central 0.1 square arcseconds of the Galaxy obtained with NIRSPEC, the facility near-infrared spectrometer for the Keck II telescope.
Introduction
Recent high-resolution near-infrared imaging reveals a tight cluster of at least a dozen stellar sources projected within 0.
′′ 5 of the putative massive black hole in the Galactic Center Ghez et al. 1998) . Genzel et al. (1997) suggest that this cluster contains early-type stars with initial masses ∼15 to 20 M ⊙ . While their low-resolution spectra (R ≈ 35) and photometry can be fit by early-type stars, they can also be fit by much lower mass K giants of a few M ⊙ . The implications for star formation near a massive black hole are heavily dependent on whether the stars are of early or late type. In the former case, the stars are a few Myr old and probably formed very near to the central black hole. In the latter case, they are on the order of a Gyr old and represent a central concentration of the general old population seen throughout the Galactic Center (Alexander 1999) . If stars have formed near the central black hole, then it is important to know the physical properties of the gas there. The intensity of recombination line emission can be used to constrain the gas density and ionizing environment near the center, and the line width might be used to probe the central mass to smaller size scales than the stellar velocity dispersions.
With these issues in mind, we obtained high resolution (R ∼ 22,400) and moderate resolution (R ∼ 2,700) long-slit spectra of the central few arcseconds of the Galaxy in the 2.0−2.4 µm region (K-band). We present spectra of the combined light from the central stellar sources (hereafter the "S sources"; Genzel et al. 1997) , nearby stars, and ionized gas.
Observations and Data Reduction
The observations were obtained with NIRSPEC, the facility near-infrared spectrometer, on the Keck II telescope (McLean et al. , 1999 . A log of observations is given in 
6.
′′ 8 , J2000) was observed to provide a dark current plus bias plus background image. A quartz tungsten halogen lamp was observed to provide a "flat" image.
All data reduction was accomplished using IRAF routines 8 . Bad pixel removal, flat-fielding, and coadding of object-sky frame pairs were performed to produce the final spectral images. The spectra were extracted and then divided by a similarly extracted spectrum of the telluric standard corrected for its apparent spectral energy distribution (Figer et al. 1998 ).
Analysis and Results
We have compared the flux in the spectrum to that expected from the stars in the slit (Wizinowich et al. 1999) , and the detected flux in the low-resolution spectrum confirms our pointing. The total background-subtracted flux from the combined low-resolution spectrum is K = 12.8, in good agreement with the sum of the previously reported fluxes for the sources, reported as K = 12.6 . Figure 1 shows the low resolution spectra for the S sources, IRS7, and IRS16NW. The spectra demonstrate the very deep CO absorption in the spectrum of a cool star (IRS7) and the total lack of any similar feature in that of a hot star (IRS16NW). The spectra for the S sources were extracted from synthetic apertures centered 1. ′′ 38 south of IRS16NW and 0. ′′ 75 wide to give W12 CO(2−0) ≈ 6±2Å. Figure 2 shows that the CO bandhead strength gradually increases in apertures to the south of Sgr A * , and to the north of IRS16NW. For instance, W12 CO(2−0) ≈ 11±2Å for an aperture centered 0. ′′ 78 to the south of Sgr A * . A similar measurement for ι Cep (K0III), whose spectrum was taken from the Kleinmann & Hall atlas (1986) , gives W12 CO(2−0) = 11.5Å; note that later red giants would have deeper CO absorption. It appears, then, that the off-source spectrum is similar to that of a K giant. The total on-source continuum flux level (with background) is about 1.8 times the off-source flux level. So, if the collective spectrum for the S sources is truly featureless, and the spectrum of the background mimics that of a K giant, then we would expect to measure an equivalent width of 6Å in the combined spectrum, in good agreement with our measurements. We find that no more than 30% of the light in the composite spectrum can come from K giants or later types. Note that this limit is conservatively determined by using the upper error limit of W12 CO(2−0) = 8Å, for the combined light spectrum.
The spectrum of the light from all sources in the central 0.
suggests at least some population of stars earlier than K0, and we find that the nearest blue supergiant, IRS16NW, does not contribute significantly to the light falling in the aperture. The peak of the S sources is 1. ′′ 43 south of IRS16NW, and the point spread function (measured from IRS7) suggests that the light from IRS16NW should contribute < 1% of the total flux in the synthetic aperture.
We are also interested in detecting possible emission-line flux from the stellar sources, in order to constrain their nature, and from any gas associated with the black hole, in order to constrain the physical properties of material near the black hole. The high resolution data are particularly useful for this purpose (see Table 1 and Figure 3 ). We find three distinct components to the Br-γ emission: 1) a faint "zero-velocity" component which is distributed throughout the low-resolution slit region, and is not easily identified in Figure   3 , 2) a very bright, high-velocity, component associated with the "mini-spiral," and 3) a near-zero-velocity component near the position of Sgr A * and extending 1. ′′ 5 to the north and 7 ′′ to the south. The first component can also be seen in the H 2 (2.122 µm) and He I (2.058 µm) lines, suggesting that H I and He I gas are distributed in projection over the whole region, and are being ionized by the ambient radiation field. The third component varies considerably along the north-south direction in peak location, 0 ∼ < V LSR ∼ < +55 km s −1 , and line width, 25 km s −1 ∼ < V FWHM ∼ < 110 km s −1 , gradually increasing from south to north. At the position of Sgr A * , the emission is centered at V LSR = +15 km s −1 , and V FWHM = 80 km s −1 at the peak emission. Within 2 ′′ of Sgr A * , the line center has a linear gradient of +18 km s −1 arcsec −1 (south-to-north), and the line width has a peak value of +90 km s −1 at −0. ′′ 6 south of Sgr A * . The only distinguishing characteristic of the emission at the location of Sgr A * with respect to surrounding regions is the local maximum in the line width which is 50% greater than the value ≈ 1 ′′ in either direction. The otherwise nondescript appearance of the line emission near Sgr A * suggests that it has little to do with the black hole. Forbidden iron-line emission can also be seen throughout the spectroscopic
field. There appears to be a broad [Fe III] emission line near 2.2178 µm with V FWHM ≈ would take longer than the lifetime of an O-or B-star to transport them into the center if they were formed more than 0.1 pc from the center.
The requirements for star formation so near the supermassive black hole are extreme.
Consider a protostellar clump of sufficient density to form an O-star near the black hole.
Such a clump would need to be very dense to be bound against tidal disruption:
where R GC is the distance between the clump and the Galactic Center, and M is the enclosed mass within the orbit of the clump. Let's assume that the clump is as far away from the center as possible while still allowing for dynamical friction to operate as described above, i.e., R GC ≈ 0.1 pc. With M = 2.6(10 6 ) M ⊙ , we find, n clump ∼ > 4(10 11 ) cm −3 . Since gas near the GC is presently at least 5 orders of magnitude less dense than this, one must appeal to a much denser environment during the formation epoch, or to an event which was exceptionally strongly compressive, or to both.
As discussed by Morris, Ghez & Becklin (1999) , the formation of stars this close to the supermassive black hole would inevitably be accompanied by the violent release of accretion energy with a total luminosity near the Eddington limit of the black hole, since the black hole would then be immersed in a relatively dense medium. Indeed, this outpouring of energy may be required to compress the gas to densities sufficient to overcome the tidal forces. Given the challenge of forming stars in this tidally extreme environment, other possibilities might be considered.
For example, have the masses of these stars been built up by stellar coalescence or by continuous accretion, making them much older than we infer? The calculations of Lee (1996) suggest that this is unlikely, although Bonnell, Bate, & Zinnecker (1998) argue that all stars with M initial > 10 M ⊙ form by coalescence in very young dense clusters; it remains to be seen if the steady-state conditions in the central parsec can mimic those in the formation epoch of a young cluster. Or are these "stars" really more exotic objects such as compact stars with atmospheres acquired by passage through a dense medium or by collisions with red giant stars (Morris 1993 )? Perhaps they are stars powered by dark matter annihilation in their interiors (Salati & Silk 1989) , in which case they would be much longer-lived than a star of comparable mass.
In any of these cases, the explanation for the presence of these stars would be exceedingly interesting, and continued investigation well worthwhile.
Conclusions
We find that about half a dozen of the stars projected within a few thousand AU of Sgr A * have little, if any, CO absorption in their K-band spectra, indicating that the stars are hot. Coupled with their brightnesses, we suggest that the stars are OBV types, and therefore < 20 Myr old. Given the lifetimes of such stars, it is improbable that they formed beyond 0.1 pc of the Galactic Center, forcing us to consider the possibility that gas clumps having n ∼ > 10 11 cm −3 can exist within a few thousand AU of a supermassive black hole.
It is a pleasure to acknowledge the hard work of past and present members of the a The resolution is λ/∆λ FWHM , where ∆λ FWHM is the half-power line width of unresolved arc lamp lines. The slit width was 2 pixels in low-resolution mode and 3 pixels in high-resolution mode.
Note. -All images were obtained using the multiple correlated read mode with 16 reads at the beginning and end of each integration. 
